Purpose Controlled ovarian stimulation is a fundamental part of a successful assisted reproduction treatment, and recognizing patients at risk of a poor response allows the development of targeted research to propose new treatment strategies for this specific group. The objective of this systematic review was to determine risk factors for poor ovarian response (POR) to controlled stimulation in assisted reproduction cycles described in the literature. Methods The primary databases MEDLINE, Cochrane, LILACS, and SciELO were consulted, using specific terms with a restriction for articles in English or Portuguese published in the last 10 years. Results and conclusion Our data suggest that environmental endocrine disruptors, tobacco, genetic mutations, endometriomas, ovarian surgery, chemotherapy, and short menstrual cycles are factors that influence stimulation in assisted reproduction cycles. Further studies are necessary for characterizing patients with prior risk factors.
Introduction
A fundamental part of assisted reproduction therapy (ART) is ovarian stimulation through several protocols that allow follicular recruitment and maturation for subsequent oocyte retrieval [1] . However, there are patients who do not respond adequately to stimulation, constituting the poor ovarian response (POR) group.
The first mention in the literature of POR dates to 1983, when a patient with low estradiol levels and diminished follicular response was observed after FSH/HMG stimulation, resulting in few oocytes retrieved and few embryos transferred [2] . Since then, studies on poor responders have been performed, and the incidence of inadequate response to ovarian stimulation is estimated to be between 9 and 24% [3] [4] [5] .
In 2011, a consensus of experts from the European Society of Human Reproduction and Embryology (ESHRE) met in Bologna, Italy, to develop diagnostic criteria for POR based on the evidence available at the time [6] . After the disclosure of the criteria in 2011, some studies were made as an attempt at diagnostic validation. The live birth rate after conventional ovarian stimulation was similarly low in the Bologna group in three unrelated studies [7] [8] [9] , corroborating the validity of the criteria.
Critics of the Bologna criteria refer to the fact that there are several subpopulations with different characteristics among the patients diagnosed as poor responders, with possible differences in prognosis. In the discussion of the original article, the following were cited as risk factors beyond age: tubal infection and chlamydial infection, genetic mutations, endometrioma, ovarian surgery, chemotherapy, and shortening of the menstrual cycles [6] .
In addition, remarks have been made regarding the lack of evaluation of oocyte quality, the cut-off values established for age and ovarian response tests, and the absence of discrimination of all risk factors for POR [10] [11] [12] [13] [14] . The present study consists of a systematic review of the literature describing the risk factors associated with poor response to ovarian stimulation in assisted reproduction therapy.
Materials and methods
We conducted a systematic review of studies regarding risk factors for POR to controlled ovarian stimulation. This study was conducted in accordance with the recommendations established by PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) in 2009 [15] .
Our research group searched for papers in the databases Medline, Cochrane, LILACS, and SciELO published in the last 10 years using the following descriptors: poor ovarian response, poor responder, poor response, low ovarian response, diminished ovarian reserve, ovarian response, Bologna criteria, and risk factors. We chose keywords that were in accordance with our selected P.I.C.O. (Bpatient,^Bintervention,^Bcontrol,^and Boutcome^). Studies involving women with risk factors for poor ovarian response (P) who had been submitted to controlled ovarian stimulation for IVF (I) were included in this review. The control group consisted of patients without risk factors (C). The outcome was the number of oocytes retrieved (O). The bibliographic references of the selected articles were reviewed for further selection. The inclusion criteria were time of publishing in the last 10 years, female subjects, English, or Portuguese language. This review includes clinical trials, cohort studies, case-control studies, and meta-analysis. The exclusion criteria were case reports, non-meta-analysis reviews, editorials, animal studies, and repeated papers.
Overall, 76 articles published in the period between the last 10 years were selected. The study selection process and the evaluations of the titles and abstracts obtained through the above searches were conducted in an unbiased manner in strict accordance with the inclusion and exclusion criteria of this study by two researchers (MEBA and DE) skilled in the preparation of systematic reviews. The original articles were subsequently critically evaluated to decide whether they should be included in the review. The search strategy and the process of manuscript retrieval are described in Table 1 and Fig. 1 .
The quality of the literature upon each risk factor was rated according to the rating system that follows below.
Classification of evidence levels
1A High-quality meta-analyses, systematic reviews of randomized controlled trials, or randomized controlled trials with very low risk of bias 1B Well-conducted meta-analyses, systematic reviews of randomized controlled trials, or randomized controlled trials with low risk of bias 1C Meta-analyses, systematic reviews of randomized controlled trials, or randomized controlled trials with high risk of bias 2A High-quality systematic reviews of case-control or cohort studies or high-quality case-control or cohort studies with very low risk of confounding, bias or chance, and high probability that the relationship is causal 2B Well-conducted case-control or cohort studies with low risk of confounding, bias or chance, and moderate probability that the relationship is causal 2C Case-control or cohort studies with high risk of confounding, bias or chance, and significant risk that the relationship is not causal 3 Non-analytical studies, e.g., case reports, case series 4 Expert opinion
Results
Studies searching for an association of the following factors with POR were found: obesity, environmental endocrine disruptors, genetic factors, ABO blood type, thrombophilia, thyroid disease, endometriosis, pelvic surgery, history of chemotherapy or radiotherapy, and shortening of the menstrual interval. Articles in Portuguese did not meet the selection criteria. Each factor will be described in detail.
Obesity
Obesity is known to be associated with changes in reproductive physiology by various mechanisms, such as insulin resistance, hyperandrogenism, and elevated leptin levels [16, 17] .
Obese women who undergo in vitro fertilization have lower quality embryos, worse implantation rates, higher miscarriage rates, and lower live birth rates [17] [18] [19] .
Regarding the influence of obesity on the ovarian response to controlled stimulation, which is the focus of the present review, the evidence is inconsistent. A cohort of 487 patients showed a higher rate of canceled cycles and the need for higher doses of gonadotropins in obese patients [20] (Pinborg et al., 2011 On the other hand, different results are also described in the literature. One example is a retrospective study published in 2010, which designated the oocyte retrieval rate as the primary outcome and contained 1970 patients undergoing ovarian stimulation who were divided by BMI, age, and response to stimulation. When assessing the factors that affect the number of oocytes retrieved in groups of patients who obtained a poor response and an adequate response, no association between obesity and poor response to ovarian stimulation was observed [23] . This finding is consistent with a meta-analysis of 33 articles comprising 47,976 treatment cycles to evaluate the impact of obesity and overweight on the results of assisted reproduction treatment. Specifically, regarding the number of oocytes retrieved, no difference was observed in the group of patients with high BMI [19] .
Conclusion Regarding ovarian response to stimulation the evidence on obesity being a risk factor is still inconclusive (Level of evidence: 2C).
History of chemotherapy or radiotherapy
Chemotherapy and radiotherapy for cancer treatment are two known risk factors for poor response to ovarian stimulation and premature ovarian failure, and the preservation of the fertility of these patients is a new and promising field in human reproduction [24] .
A study in 2012 compared 71 cancer survivors aged 15-39 years with a control group of 67 women of the same age in a cross-sectional study. Women exposed to alkylating agents had altered ovarian reserve tests, as did the group exposed to pelvic radiotherapy. The impact on the tests was proportional to the dose received [25] . Longitudinal studies with childhood cancer survivors support the hypothesis of ovarian reserve reduction, which remains in adult life [26] [27] [28] .
The gonadotoxicity of each individual chemotherapeutic agent is difficult to determine. A prospective cross-sectional study in 2015 sought to evaluate the independent impact on the ovarian reserve of each alkylating agent in patients undergoing chemotherapy in childhood. The study compared 105 survivors with 20 controls, observing a greater drop in ovarian reserve in patients who received chemotherapy in high doses, in survivors of Hodgkin lymphoma, and in patients who received procarbazine as an alkylating agent. However, the intersection of the Hodgkin lymphoma group and procarbazine therapy group makes it difficult to discriminate which of these factors PubMed/Medline, Cochrane, LILACS, SciELO
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Review of bibliographic references for further selection Fig. 1 Selection of studies flow diagram independently implies a worse outcome [29] . To determine the duration of the transition between a low ovarian reserve and complete ovarian failure, further longitudinal studies are needed.
Specifically, regarding poor response to ovarian stimulation, a retrospective study in 2011 compared 23 cancer survivor patients submitted to IVF with 70 age-matched women with male factor infertility submitted to the same stimulation protocol and found a lower oocyte retrieval rate in the cancer survivor group [24] .
Conclusion Cancer survivor patients submitted to gonadotoxic chemotherapy have a diminished ovarian reserve and increased chance to respond poorly to ovarian stimulation (Level of evidence: 2A).
Short menstrual cycles
A prospective observational study by Brodin et al. in 2012 evaluating 6271cycles of IVF/ICSI reported an association between short menstrual cycles and increased patient age. The duration of the menstrual cycle had an age-independent association with the ovarian response to stimulation with gonadotrophins [30] .
A 2015 retrospective cohort study of 455 patients without ovulatory dysfunction submitted to IVF/ICSI found that shortened menstrual cycles are associated with poor ovarian response to stimulation. The study suggested that the length of the menstrual cycle could be used to discriminate patients with a higher probability of a poor response in the group aged over 40 years or with an AMH count below 1.1 ng/ml (according to the Bologna criteria, patients who meet the latter two criteria are already likely to respond poorly) [31] .
In 2014, Vassena R et al. evaluated ovodonation cycles resulting in 3427 transfers and observed an association between shortening of the menstrual cycle and poor ovarian response to stimulation as well as a lower pregnancy rate in the receivers, suggesting that the duration of the menstrual cycle is related to both the number and quality of the oocytes [32] .
Conclusion Short menstrual cycles are associated with POR (Level of evidence: 2B).
Genetic factors
Studies evaluating the relationship between ovarian reserve and genetic mutations, genetic polymorphisms, altered gene expression, and chromosomal abnormalities were found, as discussed below.
Chromosomal abnormalities
Abnormalities on the X chromosome constitute an important source of premature ovarian failure. The second X chromosome is required for folliculogenesis, and a low ovarian reserve is often dependent on the type of arrangement [14] . No studies were found regarding the oocyte retrieval rate in patients with Turner syndrome or mosaic Turner syndrome who underwent IVF. The reason might be that the criteria of the present review excluded case reports, which compound the majority of the literature on the subject.
Gene mutations
Among genetic mutations, mutation of the FMRI gene is one of the most studied in the literature. The mutation involves increasing the repetitions of CGG (cytosine, guanine, guanine) nucleotide chains at the 5′ locus of the gene, with up to 54 replicates considered as normal. Increased frequency of repetitions is associated with decreased ovarian reserve, and more than 200 repetitions characterize fragile X syndrome [33] . In an IVF-PGD setting for fragile X syndrome analysis, 27 patients with the FMR1 mutation (5 with full mutation, 22 with premutation) who underwent 79 cycles were compared to 33 controls with other genetic diseases who underwent 108 treatment cycles. FMR1 mutation carriers required significantly higher doses of gonadotropins, which nevertheless yielded significantly fewer numbers of oocytes, indicating poor response and diminished ovarian reserve in FMR1 carriers [34] .
A study carried out by Shapiro et al. in 2015 aimed to evaluate the relationship between BRCA gene mutation and poor response to stimulation and concluded that there is no significant association [35] .
Attempts to find a genetic marker for poor ovarian response have not yet been successful. A 2012 paper evaluating the relationship of previously described polymorphisms of the FSH receptor with poor ovarian response to controlled stimulation showed that there was no significant difference in the frequency of this alteration between the control group and the poor responders [36] .
Conclusion Mutation of the FMRI gene is associated with decreased oocyte retrieval rate in IVF cycles. Nevertheless, an established genetic marker for screening of poor ovarian response is not defined yet. (Level of evidence: 2B).
Thrombophilia
Although there are studies associating thrombophilia with early menopause and failure in ART, only one specific study reported the association between thrombophilia and POR. The study consisted of a prospective cohort of 89 patients undergoing infertility treatment who were divided into groups with POR (three or fewer oocytes retrieved) and normal response, the latter being the control group. Ovarian reserve and thrombophilia panel tests were performed in both groups.
Screening for protein S deficiency, protein C deficiency, acquired resistance to protein C, antithrombin III, anticardiolipin antibodies, lupus anticoagulant, Leiden factor V deficiency, prothrombin G20210 mutation, and methyltetrahydrofolate reductase mutation (MTHFR) were included. No association was found between thrombophilia and POR; however, the findings were not conclusive about the role of thrombophilia in the development of ovarian failure [37] .
Conclusion There is no evidence of association of thrombophilia and POR in current literature. (Level of evidence: 2A).
Environmental risks
External factors may either influence the establishment of the ovarian reserve during intrauterine life or reduce the existing reserve in adult women [38] . The environmental factors related to changes in ovarian reserve and ovarian response include endocrine disruptors and recreational drugs, which are described more fully below.
Endocrine disruptors
Endocrine disruptors are chemicals that mimic or disrupt the action of naturally occurring hormones. Many of these substances have estrogenic effects and may affect reproductive outcomes by many pathways, such as by modulating biosynthesis, signaling, and hormonal metabolism or acting as hormone receptor binders. Examples of endocrine disruptors that are commonly associated with POR are bisphenol A and phthalates [39] [40] [41] [42] .
Bisphenol A (BPA) is a monomer used to make hard, polycarbonated plastics, and some epoxy resins. They are commonly found in hard sport water bottles, infant bottles, medical tubing, and devices. BPA made epoxy resins are used to coat metal products, such as food cans and some dental sealants. The main route of exposure is through diet, since BPA can migrate to food from containers. Significant negative associations between increased urinary BPA concentrations and decreased peak E 2 and oocyte yield on the day of egg retrieval were found in a study by Mok-Lin et al. in 2010 [40] . A study-arm of the EARTH group (a large prospective still ongoing cohort on environmental exposure and reproductive outcomes) also found an inverse relationship between urinary BPA levels and number of oocytes retrieved [42] .
Phtalates are another type of plastics that are used in soft, flexible plastics, and polyvinyl chloride (PVC) products. They are found in medical devices, many consumer products, flooring, and a variety of personal care products, such as some shampoos and lotions. They also may be added to drugs and dietary supplements as and excipients. Among women in the EARTH study undergoing assisted reproduction therapy, higher urinary concentrations of metabolites of di-(2-ethylhexyl) phthalate (DEHP) were associated with reduced oocyte yields [39, 42] .
Conclusion Endocrine disruptors such as bisphenol A and phtalates are associated with POR, and patients should be advised lifestyle choices in order to minimize exposure. (Level of evidence: 2B).
Alcohol abuse
Regarding the relationship between alcohol consumption and response to controlled ovarian stimulation, we found four cohort studies with divergent results. A prospective cohort of 2545 patients published in 2011 applied standardized questionnaires assessing drink habits near the beginning of the IVF cycle, noting that women who consumed > 50 g of alcohol per week had significantly lower peak estradiol levels and greater odds of failed fertilization. Moreover, women drinking white wine weekly had significantly fewer oocytes retrieved compared with nondrinkers [43] . These results are corroborated by another prospective cohort published in 2017 evaluating 2134 patients that shows that daily drinkers have fewer oocytes retrieved than nondrinkers, although such a relationship is not equally demonstrated for social drinkers [44] .
These results contradict that of two other smaller cohorts found in the same subject, which did not observe a relationship between alcohol use and the number of oocytes retrieved [45, 46] . However, in their discussion, an observation made is that the lack of association is not generalizable for heavy drinkers and do not evaluate the temporal relationship between drinking and the beginning of the stimulation cycle. The fact that all studies on the subject are cohorts from selfadministered questionnaires further increases the risk of bias in the results obtained.
Conclusion There is insufficient data to associate social drinking with POR, although it is a good practice advice to discourage patients from heavy drinking habits. (Level of evidence: 2C).
Cigarette smoking
Among recreational drugs, cigarette smoking is the most widely studied and associated with ovarian failure with a dose-dependent impact [47, 48] . A study carried out in 2012 by Frèour et al. comparing 80 female smokers with a control group of 197 women found worse results in the ovarian reserve tests of the exposed subjects and related the level of exposure directly with poor response to ovarian stimulation [47] .
In 2012, the American Society of Reproductive Medicine, after reviewing the literature, issued guidelines advising patients to cease smoking, noting that the available evidence demonstrates a causal association of smoking with infertility and worse outcomes of assisted reproduction cycles in smokers [49] .
Conclusion Cigarette smoking is associated with worse outcomes in assisted reproduction techniques, including poor ovarian response, and should be discouraged. (Level of evidence: 1A).
Thyroid diseases
There have been several studies evaluating the relationship between clinical and subclinical hypothyroidism and negative outcomes, such as infertility, abortion, and adverse maternalfetal events during pregnancy [50] .
In 2011, Michalakis et al. estimated the incidence of TSH values higher than 2.5 mIU/L in patients submitted to ART to be 23%, but there were no significant differences in the number of oocytes retrieved and the gestation rates [51] . A randomized clinical trial conducted in 2011 included 64 patients with subclinical hypothyroidism who were divided into one control group and another group treated with 50 μg of levothyroxine. Although better embryo quality, implantation rates, and live birth rates were observed in the treatment group, no significant difference was observed in the number of oocytes recovered per cycle [52] . Another clinical trial conducted in 2010 evaluated 70 patients with subclinical hypothyroidism and did not observe a difference in the rate of oocytes retrieved in the control versus treatment group [53] . In those studies, subclinical hypothyroidism was defined as TSH greater than or equal to 4 mIU/L and normal T4L.
The role of thyroid autoantibodies in the outcomes of assisted reproduction therapy is also under investigation. A retrospective study in 2015 analyzed 5076 women, and no relation was observed between thyroid autoimmunity and low ovarian reserve [54] . A case-control study conducted in 2016 observed no changes in the number of oocytes retrieved in patients with euthyroidism and positive autoantibodies [55] . A meta-analysis of 12 papers on the impact of thyroid autoimmunity on outcomes in assisted reproduction that was published in 2016 also reached the same conclusion, without observing a significant difference in ovarian response to controlled stimulation [56] .
Conclusion Present evidence is insufficient to indicate subclinical hypothyroidism or the presence of autoantibodies as risk factors for POR, and hormonal replacement does not seems to alter oocyte retrieval rate. (level of evidence: 1C).
ABO blood type
Several attempts to associate ABO blood groups with POR were found. The biological basis of this hypothesis relies on the fact that the direct translation product of the ABO blood group gene is glycosyltransferase. FSH and LH receptors are heavily glycosylated proteins, and FSH receptor expression in ovarian granulosa cells functions together with activated LH receptors to promote follicular development. A study by Nejat et al. in 2011 reported that blood types A and AB are more associated with low ovarian reserve [57] . However, such results were not repeated in other subsequent studies, including a metaanalysis on the subject [58] [59] [60] .
Specifically, regarding POR, a study by Pereira et al. in 2015 sought to evaluate in a group of patients with low ovarian reserve whether there was any difference in response to controlled ovarian stimulation depending on blood type and did not observe a significant association [61] . Other studies also corroborate this finding and do not demonstrate an association between blood type and ovarian response to controlled stimulation [62, 63] .
Conclusion Present evidence is insufficient to indicate ABO blood type as a factor related to diminished ovarian reserve (Level of evidence: 2A) of as a risk factor for poor ovarian response (Level of evidence: 2B).
Endometriosis
Endometriosis is a frequent indication for in vitro fertilization and embryo transfer (IVF-ET). Patients with moderate or severe endometriosis may have anatomic distortions of the fallopian tubes and ovaries, which may necessitate the use of IVF [64] .
However, even mild stages of endometriosis may have negative effects on oocyte development, embryogenesis, or implantation [65] . Deep infiltrative endometriosis affects the ovarian reserve and the ovarian response to controlled stimulation, and even mild endometriosis (grades I-II) seems to have an influence on the number of oocytes retrieved per cycle, although this effect is lower than that of the most advanced degrees [64] [65] [66] [67] .
Yang et al. in 2015 performed a meta-analysis of nine studies regarding the association of endometrioma and POR, finding a lower rate of oocytes retrieved in the endometrioma group. Comparisons between ovaries with endometriomas and healthy ovaries of the same individuals were also made. The numbers of oocytes retrieved, MII oocytes retrieved, and total embryos formed were not significantly different between the affected ovaries and the contralateral normal ovaries [68] . Similar results were also found in a 2015 meta-analysis of 33 articles, which found that endometrioma was associated with a higher cancelation rate and a lower oocyte retrieval rate compared to those of a control group, although a similar bad prognosis was found when comparing endometrioma group and peritoneal endometriosis group [69] . Thus, endometriosis and ovarian endometriomas are independent risk factors for a poor response [68] [69] [70] [71] .
Conclusion Endometriosis and endometriomas are risk factors for POR. (Level of evidence: 2A).
Pelvic surgery
In 2010, a demographic study was conducted analyzing 104 patients who had POR compared to 324 controls. A significant association was observed between pelvic surgery and insufficient ovarian response, and in the POR group, the most common procedure was endometrioma excision [72] .
A study by Rustamov et al. in 2016 analyzed the impact of different surgical procedures on ovarian reserve, comparing the effect of salpingectomy, unilateral salpingo-oophorectomy, and cystectomy. The study found that there was no difference in the AMH levels and AFC of women undergoing salpingectomy and cystectomy for causes other than endometrioma. There was an observable decrease in AMH in patients submitted to salpingo-oophorectomy and cystectomy by endometrioma [73] . However, a meta-analysis of 10 articles evaluating 367 patients published in 2016 showed a reduction of AMH in patients undergoing ovarian cystectomy due to nonendometriotic benign causes [74] .
The impact of ovarian endometrioma excision on the ovarian reserve remains controversial. Depending on the assessed reserve test, the results of studies assessing AMH or AFC are conflicting. There are criticisms regarding both tests because AMH presents methodological difficulties in the correct storage of samples [75] [76] [77] , and the antral follicle count may be distorted in patients with endometrioma due to the presence of cysts and local inflammation, leading to difficulty in ultrasonographic evaluation [78] . Studies evaluating AMH demonstrated impairments in the ovarian reserve after surgery [79] [80] [81] [82] [83] [84] [85] , but a meta-analysis evaluating studies using AFC did not observe a decrease in the reserve based on this parameter [86] .
Conclusion Ovarian surgery seems to be a risk factor for diminished ovarian reserve. Given the controversy regarding the tests used to evaluate the ovarian reserve after surgery for endometrioma, the conflicting results and the poor methodological quality of most of the studies used in the meta-analyses (heterogeneous and observational), caution is recommended in the management of patients with endometrioma and reproductive desire when indicating surgery prior to ART, since prior ovarian surgery for endometrioma is potentially a risk factor for POR (Level of evidence: 2C).
Discussion
Individualization of the ovarian stimulation protocol is a current trend in reproductive medicine. Regarding the poor responders, the determination of the risk factors allows a correct orientation of the couple and the search for more adequate protocols for this subgroup. The Bologna criteria emerged in 2011 as an attempt to standardize the definitions of POR. A cohort published in 2015 of women with poor prognosis according to this criteria determined that the live birth rate was proportional to the number of embryos transferred [87] . Because of that, the number of oocytes recruited and retrieved is a very important marker of treatment success.
To distinguish, the low response population should be made with the intention of improving protocols for induction of in vitro fertilization and not as refusal for treatment. Patients who reach the stage of embryo transfer have a moderate rate of live births [87] . Likewise, a diminished ovarian reserve could not be used in isolation as an indicator of infertility in an a priori non-infertile population [88] .
In the discussion of the original article, the following were cited as risk factors beyond age: tubal infection and chlamydial infection, genetic mutations, endometrioma, ovarian surgery, chemotherapy, and shortening of the menstrual cycles.
The articles relating poor response with tubal infection or chlamydia infection date from 1987 and 1998 [89, 90] , and no more recently published articles have been found in the last 10 years about this relationship. As to the other factors listed in the original article, there is evidence in the literature from the last 10 years of the association of all the factors with POR, although there is still controversy regarding the extent of damage to ovarian reserve and ovarian response caused by the excision of endometriomas.
It should also be mentioned that among the genetic risk factors, although many alterations related to poor response have already been identified, no test has yet been established to be used as a genetic marker for the identification and screening of POR. The original article of 2011 also makes no mention of environmental risks, and occupational screening and counseling to reduce exposure could be performed based on existing evidence of the association of various environmental factors (i.e., smoking, pesticides, plastic packaging) with POR.
As explained in the topics above, the relationship of obesity with ovarian response to stimulation is still unclear, although a higher BMI is already well established as a factor related to poor outcomes in IVF treatment (i.e., lower live birth rates, higher miscarriage rate). This uncertainty regarding obesity as a risk factor to POR may be because of heterogeneity between the populations of the studies, as some of them included patients with polycystic ovarian syndrome in the high-BMI groups and patients in different age groups.
One limitation in our search was that there is no consensus in the POR diagnostic criteria. Many synonyms to the term Bpoor response^were found, such as the following: low ovarian reserve, low responders, poor ovarian response, and diminished ovarian reserve. Polyzos et al. in 2011 performed a meta-analysis of the studies regarding poor responders. In 47 randomized studies evaluated, 41 different definitions of POR were used. Even different works by the same research group used different definitions. None of the diagnostic criteria used in the studies were repeated in more than 50% of the studies. Therefore, the performance of meta-analyses of existing clinical trials is discouraged due to heterogeneity between definitions, leading to possible biases [91] . Most of the papers included in this review are composed of cohorts or case-control studies in which ovarian response to stimulation is one of the outcomes analyzed, but not always the main outcome. In most of cases, poor response is defined solely based on the number of oocytes retrieved during IVF. When using Bstrict^criteria, meaning looking only for articles using the Bologna criteria to define poor response, a more accurate or extra analysis as well as new insight cannot be made.
Although the frame set of 10 years determined to be the scope of the review could be a way to see what is the most recent data on a very extensive subject, it is also a weakness of the study. Foundational studies done before those 10 years, if well designed, may not have been repeated and be missing in the analysis. That is also true for older studies on risk factors found to have insufficient evidence of association with POR that might not have been repeated ever since.
Conclusion
Our data suggest that environmental endocrine disruptors, tobacco, genetic mutations, endometriomas, ovarian surgery, chemotherapy, and short menstrual cycles are factors that influence stimulation in assisted reproduction cycles. Some of these risk factors are modifiable, and counseling on lifestyle habits is a way of providing good assistance to the infertile patient.
Further studies are necessary to better characterize patients with prior risk factors, as are well-conducted studies on personalized therapy based on individual risk factors analysis.
